We retrospectively identified 67 patients with severe or morbid obesity (body mass index ≥35 kg/m 2 ) who had received intravenous vancomycin at our institution. We observed that an initial dose of 45 to 65 mg/kg vancomycin per day based upon ideal body weight rather than actual body weight was more predictive of initial trough concentrations between 15 and 20 mcg/mL.
vancomycin ≥10 mg/kg per dose (ABW), and <1% of these patients received doses ≥15 mg/kg per dose (ABW) [3, 7] .
Vancomycin serum concentrations are impacted by increased clearance, increased volume of distribution, and a shorter terminal half-life of this drug in obese patients. In fact, some advocate for more frequent dosing of vancomycin in obese patients to mitigate toxicity and improve efficacy [11] . A better understanding of the optimal dosing strategy in obese patients is needed to help standardize practice.
In our institution, we have observed variability in the achievement of initial vancomycin serum trough concentrations between 15 and 20 mg/L in obese patients dosed using ABW. A trough concentration between 15 and 20 mg/L has been established as the best surrogate for the vancomycin pharmacodynamic target of an area under the concentration-time curve/ minimum inhibitory concentration (MIC) >400 when the MIC is ≤1 mcg/mL for Staphylococcus aureus [3] . The aim of this study was to examine whether the initial trough concentration is better predicted by vancomycin dosing based on ABW, ideal body weight (IBW), or dosing body weight (DBW) in patients with severe or morbid obesity (BMI ≥35 kg/m 2 ).
METHODS
We reviewed medical records for all adult patients (≥18 years old) with severe or morbid obesity (BMI ≥35 kg/m 2 ) who were hospitalized at a single tertiary academic medical center between January 2011 and December 2013 and who had received at least 3 consecutive doses of systemic vancomycin. We identified these patients using a clinical data registry maintained by our hospital. Once identified, we performed clinical chart review and excluded any patients who had received a loading dose of vancomycin or who had a dosing change before their first measured trough concentration, those with a baseline creatinine clearance (CrCl) <45 mL/min (as calculated by the Cockcroft-Gault equation using IBW) [12] , and those without at least 1 steady-state trough concentration measured ≤60 minutes before administration of the fourth (or later) dose of vancomycin.
Abstracted data included age, gender, weight (ABW, IBW, and DBW), baseline serum creatinine (Scr), calculated CrCl, vancomycin dose including frequency and total daily dose, and initial steady-state vancomycin serum trough concentration. Baseline CrCl was calculated using both the IBW and the DBW, because the DBW has been suggested to be a less biased estimate of CrCl in obese patients [13] . Ideal body weight was calculated using the following: IBW (male) = 50 kg + 2.3 (height [inches] -60") kg, IBW (female) = 45.5 kg + 2.3 (height [inches] -60″) kg. Dosing body weight was calculated as follows: DBW = 0.4 (ABW-IBW) + IBW. To account for fluctuations in CrCl before initiation of systemic vancomycin, we chose the lowest Scr ≤ 72 hours before first dose of vancomycin for our minimum baseline value. The Partners Healthcare human research committee approved this study.
We used linear regression to predict the initial vancomycin trough concentration using total daily dose (mg/kg per day) based on ABW versus IBW versus DBW. We also analyzed the impact of age, gender, and SCr on the initial vancomycin trough concentration. The decision to include 1 or more of these covariates as secondary predictors in the final multivariable model was determined by a univariable P value <.2 for each included covariate. This was an a priori decision. We did not test CrCl or total daily dose in our final model, because both of these were felt to be collinear with the primary predictor (weight). However, we did test the interaction between dose and frequency. All analyses were performed using SAS software, version 9.3 (SAS Institute Inc, Cary, NC).
RESULTS
During the study period, we screened 251 eligible patients who were ≥18 years of age, had a BMI ≥ 35 kg/m 2 , and had received at least 3 consecutive doses of systemic vancomycin. Fifty-seven patients were excluded because they received a loading dose or had a dosing change before the first steady-state serum vancomycin trough, 12 patients were excluded because of a baseline CrCl <45 mL/min, and 115 patients were excluded because they either had no serum vancomycin trough obtained or a trough drawn at an inappropriate time. This left a study population of 67 patients assessed in our analysis. Table 1 shows the patient characteristics in our study population. When initial doses were calculated using ABW, 62 patients (93%) had received doses under the minimum guideline-recommended dose of 30 mg/kg per day (mean of 21.2 mg/ kg per day). Among these patients, 17 (27%) had an initial serum vancomycin trough <10 mg/L and 35 (56%) had an initial trough <15 mg/L. In our overall cohort of 67 patients, 31 (46%) had an initial serum vancomycin trough ≥15 mg/L, and 22 (33%) were dosed more frequently than every 12 hours.
On univariable testing, vancomycin total daily dose (mg/kg per day) based on both IBW and DBW were noted to be significant predictors of initial vancomycin trough concentration, with P values of .001 and .012, respectively. However, vancomycin total daily dose (mg/kg per day) based on ABW failed to meet significance as a predictor of initial vancomycin trough concentration (P value .072). The 3 other covariates (age, gender, and Scr) all had P values <.2, thus meeting our a priori criteria for inclusion in the final multivariable model. Table 1 also shows the R 2 for the 3 multivariable models (including age, gender, and Scr) and the vancomycin total daily dose (mg/kg per day) based on ABW versus IBW versus DBW (scatter plots included in the Supplementary Appendix). R 2 is a measure of the goodness of fit (scatter around the regression line). In Table 1 , we also show the P value indicating the significance of each of the 3 dosing strategies as a predictor of initial vancomycin steady-state trough concentration. After accounting for age, gender, and Scr, a dosing strategy using IBW produced the best prediction. However, even the best strategy only had a moderate correlation between predicted and actual vancomycin troughs (R 2 = 0.41). Inclusion of an interaction term to model the relationship between dose and frequency did not improve the prediction of vancomycin trough level. For the average patient in our study population, a 30 mg/kg total daily dose of vancomycin based on IBW predicts a vancomycin serum trough concentration of 11-12 mg/L, with male patients and younger patients less likely to reach concentrations ≥10 mg/L. To achieve doses ≥15 mg/L as recommended for complicated infections caused by methicillin-resistant Staphylococcus aureus [14] , our model suggests the need to use a minimum of 45 mg/kg per day of vancomycin if calculating the initial dose based on IBW. The median dose in our study population when using IBW was 45 mg/kg per day (interquartile range, 35-55). This means that half of the patients received <45 mg/kg per day based on IBW. Of those patients receiving <45 mg/kg per day of vancomycin based on IBW, 73% had an initial vancomycin trough concentration <15 mg/L, compared with only 37% of those patients receiving ≥45 mg/kg per day of vancomycin based on IBW. On the other end, 67% of patients had an initial vancomycin trough concentration >20 mg/L once the total daily dose was higher than 65 mg/kg per day based on IBW.
DISCUSSION
Our findings suggest that initial vancomycin dosing based on IBW rather than ABW is a better predictor of steady-state vancomycin trough concentration in adult patients with severe or morbid obesity (BMI ≥35 kg/m 2 ), after accounting for age, gender, and baseline Scr. These findings challenge the current recommendation of calculating initial vancomycin dosing based on ABW in this patient population. Instead, our results support a practice of starting 45-65 mg/kg per day of vancomycin based on IBW rather than 30 mg/kg per day of vancomycin based on ABW, especially when targeting steady-state trough concentrations of 15-20 mg/L. In addition, it may be preferred to select a dosing interval of 8 hours rather than 12 hours, based on prior published literature [11] .
CONCLUSIONS
Because we found only moderate correlation in our final model between total daily dose of vancomycin based on IBW and the initial vancomycin serum trough concentration, it remains prudent to closely follow vancomycin serum trough concentrations and renal function with appropriate dose adjustment. The findings presented in this study are most relevant to selecting the initial vancomycin dose for treatment of a suspected or confirmed infectious process. In terms of limitations, this was an uncontrolled, retrospective, single-center study with a relatively small sample size. We did not include patients with impaired renal function, so the findings cannot be extrapolated to this population. In addition, although we included intensive care unit patients in our analysis, the altered volume of distribution in this patient population was not specifically studied. Finally, additional well designed pharmacokinetic studies in obese patients are greatly needed.
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